Abstract. The desired compression-shear loading were applied by the beveled ends with different angles, and this new technique based on split Hopkinson pressure bar can be used to investigate the dynamic response of materials. A series of experiments of NiTi shape memory alloy were performed at different impact velocities and different loading angles, and the dynamic equivalent pressure curves were given. The initial phase transition points under different impact velocities were plotted on σ-τ stresss space, and the phase transition surfaces predicted by a dynamic phase transition criterion were given.
The data processing method of the combined compression-shear experiment device is similar to normal SHPB, the beveled ends and specimens in the box can be analysed as a whole system. The force and deformation of the system in the box given by one-dimensional stress wave theory can be written as follow (1) ε I (t), ε R (t), ε T (t) are represent the incident, reflected and transmitted strain history, and A 0 , E 0 , C 0 are the sectional area, the Young's modulus and the longitudinal wave velocity of the bar.
The stress of the specimen can be decomposed into normal stress σ n perpendicular to the surface and tangential stress σ s parallel to the surface. If ν is the Possion's ratio of the material and θ is the angle of the beveled end, thus the equivalent angle β of the combined compression-shear stress path has tan tan 2(1 )
The normal stress strain history and tangential stress strain history are given by 
Experiment Results
Dynamic impact experiments are completed in Impact dynamics laboratory of USTC. The diameter of the steel bar of the dynamic combined compression-shear SHPB device is 37 mm, the length of the incident bar and the transmission bar is 2000 mm, and the length of the striker is 300 mm. The Ni50.9at.%-Ti SMA specimens used in this work are in pseudoelastic state at room temperature, and their size is Φ8×5mm with different impact speeds ranging from 5.0m/s to 8.5m/s are completed.
Combined loadings at different impact velocities
The dynamic response curves of NiTi SMA at different impact speeds ranging from 5.0 m/s to 8.5 m/s are plotted in Fig. 2 according to Eq. 1. As we can see, all of the curves have a great hysteresis as the specimens are in pseudoelastic state, and their elastic stages have good repeatability. The maximum displacement increases with the impact velocity, and the force of the initial phase transition point increases slightly. Most part of the deformation can recover, with a smaller residual deformation. Fig. 4 . It can be seen that with the increase of the loading angle, the normal stress of the initial phase transition point decreases, but the tangential stress increases gradually. This shows that phase transition of NiTi SMA occurs more easily by shear loading, which is in compliance with the feature of thermoelastic martensite phase transition. , and the corresponding equivalent stress paths are given in the figure. It can be seen that the stresses of the initial phase transition at impact velocity of 6.0 m/s are larger than that of 5.0m/s, and this shows that NiTi SMA is sensitive to the strain rate at this impact speed range.
Guo et. al. [8] proposed a three dimensional phase transition criterion considering both of the effect of hydrostatic pressure and deviatoric stress. This criterion can predict the dynamic phase transition surface of NiTi SMA under combined compression-shear loading, and the form on σ-τ stress plane is 
α denotes the asymmetry of tension and compression which is related to the properties of material, and τ pt is the initial stress of phase transition under pure torsion, which can also be determined by the experiment of uniaxial tension and compression. Using this criterion, the dynamic phase transition surfaces at different impact speeds are obtained by fit the obtained experimental data. It can be found the phase transition surface predicted by the criterion is according well to the initial phase transition points. With the increase of impact velocity, the dynamic phase transition surface of NiTi SMA expands out homogeneously, which shows that the material is sensitive to the strain rate. 
Summary
In this work, we achieve a new experimental method to investigate the dynamic mechanical properties of phase transition materials under impact multiaxial loadings. From the dynamic phase transition surface predicted by the criterion, the stresses of the initial phase transition points no measured in the present experiment can be got.
